
t..
.
.
,
&

r

N
A
C
A

T
N
4
3
9
(
M

J1
-i

z

F %
%

1
o !=

r
+ m

’
Z

J o z +
l
x

(
D E
l

!3

z o f
+
M

E
i

‘.
(
,

..
.

W
S
T
L
7
U
I
I

Ill
lll

lll
lll

u
lll

l
W

U
N‘9

d
W

YA
13

V
W

11H
O

W



TECHLIBRARYKAF19,NM i

●

NATIONALADVISORYCOMMITTEEFORAXRONAU!IYCS
lll[lll[ll[llllll~lu

ii0b7~5a

TECHNICALN(IIE4390

EFFECTSOFFREQUENCYANDAMPUTUDEON TEEYAWING

DERIVATIVESOF TRIANGULAR,SWEPT,ANDUNSWEPTWINGS

ANDOFA TRIANGULAR-WING-FUSEMGECOMBINATION

WITHANDWITROUTA TRIANGULARTAILPERFORMING

SINUSOIDALYMING OSC!IILMZONS

By WilliamLetkoandHermanS. Fletcher

SUMMARY

An investigationhasbeenmadeto determinetheeffectsoffrequency
andamplitudeontheyawingderivativesof triangular,swept,andunswept
wings.Somedatawerealsoobtainedfora triangular-wing-fuselagecom-
binationwithandwithouta triangulartailperformingsinusoidalyawing
oscillations.Theoscillationdatawereccmparedwithdataobtainedfrom
steady-stateyawingtestsandtheresultsofthepresentinvestigation
andthoseof a puresideslipinvestigationarecomparedbothindi~idually
andas analgebraicsumwiththecmibinationderivativesobtainedfrom
an investigationinwhichtheoscillationwasa combinationofyawing
andsfdeslipping.

Theresultsofthepresentinvestigationindicatethatforthetri-
_=” w-) the 45° swept w_@% ~ the ~~-fusel%e co~-atio%
theoscillatoryvaluesofthedsmping-in-yawderivativeandthederiva-
tiveofrollingmomentduetoyawingincreasedwithangleof attack;
generally,atthehighanglesofattacktheoscillatoryvalueswerecon-
siderablylargerthanthesteady-statevalues,especiallyforlowampli-
tudesandlowfrequenciesof oscillation.Fortheunsweptwingthere
wasgenerallylittledifferencebetweenthesteady-statevaluesandthe
oscillatoryvaluesofthedamping-in-yawderivativeandthederivativeof
rollingmomentduetoyam inthelowangle-of-attackrange;athigher
anglesofattack,thesteady-statevaluesusuallyweregreaterthanthe
oscillatoryvalues.Althoughforthecompletewing-fuselage-tailmodel
thevsriationoftheoscillatorydamping-in-yawderivativeswithangle
ofattackwassimilargenerallyto thesteady-statevariation,some
oscillatoryvalueswereobtainedwhichwerefourto fivetimesgreater
thanthesteady-statevaluesthroughouttheangle-of-attackrange.The
effectsofamplitudeon theyawingderivatives:,althoughsmellat low
anglesofattack,becamegreaterat thehighersinglesof attack;andthe
greatesteffectsoccurredat lowvaluesof amplitudeandfrequency.The
algebraicsummationofthecomponentderivativesgaveresultswhichwere,
ingeneral,infairagreementwiththederivativesobtainedinthecom-
binedform.
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INTRODUCTION

Currentairplanesofrelativelyhighdensityhavebroughtinto
considerationtheimportanceof somefactorsassociatedwiththedynmnic
stabilityofaircraftwhichheretoforewereconsiderednegligible.Among
the,factorssretheeffectsoffrequencyandsmplitudeon stability
derivativesandthepossibilitythataccelerationderivativesmaybe of
suchmagnitudeastobe importantforcertainairplaneconfigurations.

Somedatatohelpassesstheimportanceofthesefactorshavealready
beenobtainedexperimentallyby useof oscillationtechniquesfromwhich
cm.ibinationderivativeswereobtainedandarepresented,forexsmple,in
references1 to 3. Someinvestigationsusinga somewhatmorecomplicated
techniquehaveresultedindirectmeasurementofthesideslip-acceleration
derivatives(ref.4)andhavealsoresultedintheevaluationofthederiv-
ativesassociatedwithsideslipvelocityduringa sinusoidalsidesl.ip
oscillation. —

Theinvestigationyresentedinreference5 wasmaiieto determine
thestabilityderivativesassociatedwithyawingvelocityandaccelera-
tionforonefrequencyandamplitudeof oscillation.Thepresentinves-
tigationwasundertakento extendtheresultsofreference5 to other
frequenciesandamplitudesof oscillation.

Oscillatoryderivativeswereobtainedinthepresentinvestigation
fortriangular,swept,andunsweptwings.Inaddition,somedatawere
obtainedfora triangular-wing-fuselageconibinationwithandwithout
a triangulartail. Theoscillationdataarecomparedwithdata
obtainedfromsteady-stateyawingtestsmadeinthe6-by 6-footcurved-
flowtestsectionoftheLangleystabilitytunnel.Inaddition,the
resultsof thepresentinvestigationandofadditionaltestssimilar
to thosepresentedinreference4 srecomparedbothindividuallyand
as an algebraicsumwiththecombinationderivativesdeterminedin
reference6.

SYMBOLS

Thedatapresentedarereferredto thestabilitysystemofaxes
withtheoriginlocatedatthequarter-chordofthewingmeanaerody-
namicchord.Thepositivedirectionsofforces,moments,andangular
displacementsareshowninfigure1. Thecoefficientsandsymbolssre
definedasfollows:

—
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JiLftliftcoefficient,—I&i

rolling-momentcoefficient,Rolling
moment

qSb

Yawingyawing-momentcoefficient, moment
qsb

rollingmoment,ft-lb

yawingmoment,ft-lb

wing

wing

wing

span,ft

chord,ft

frequency,cps

modelEmmen-tof inertiaaboutZ-dSj S@-f’t*

productof tiertiajslug-ft’

distancebetweenflywheelcenters,ft

lengthof linkarm
pivotpoint(see

lengthof linkarm
pivotpoint(see

dynamicpressure,

frommodelcarberof gravitytopush-rod
fig.2)

frcunpivotpointon flywheeltopush-rod
fig.2),i%

$V’, lb/sqe
6

~ velocityinyaw (r= $),

throwofflywheelsof oscillating

wingsurfacesxea,sqf%

radians/sec

mechszlism(seefig.2),H

.
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t“ time,sec

v free-stresmvelocity,ftjsec

Y dists.ncealongY-axismeasuredtiomwingplaneof symmetry,f%

f=ik
at

Y’ disixmcebetween
flywheel,ft

●, WY =—
at

a angleofattack,

modelmountingpointandceukr of drive

deg

P angleof sides~p,radians

$0 maxhumsmplitudeof sidesli.p,deg

v angleofyaw,radtans

*O maxinm.mamplitudeofyaw,deg

k reduced-frequencypsmmeter,ub
F

al circularfrequency,rad.ians~sec

P ?IESSdensityOf W, ShgS/CU ft
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.

. Alltheaforemerkionedderivativesaxenondimensionalizedinthis
paper(perradian).

w



Thesymbolu following
oscillatoryderivattve.

Thetestsofthepresent

NACATN 4390
m

thesubscriptofa derivativedenotesthe w

APPARATUS

investigationwereconductedinthe6-by
6-foottestsectionoftheIs.ngleystabilitytunnel.‘I’heoscillation
equipmentwasdesignedto generatean oscillatorymotionintheXY-plane
sothattheairplanewouldalwaysbe headingintotherelativewindor,
morespecifically,sothattherewouldbe no resultantlateralvelocity
componentattheairplanecenterofgravity.Thefollowingsketchillus-
tratesthepathandattitudeofan airplaneperforminga puresinusoidal
yawingoscillation: —

— -.

Theconditionofno lateralresultantvelocityattheassumedmodel
centerofgravityormountingpointisfulfilledwhen V sin~ = ~.
Forsmallangularmotionsofthemodelthisconditioncanbe written
as V~ = ~ andwasapproximatedinthepresentinvestigationby use
oftheapparatusshownschematicallyinfigure2. Photographsof ““

-—

theactualapparatusaregivenasfigure3.— — .4

Themaincomponentsoftheappuatususedinthepresentinvesti-
gationwerealsousedintheinvestigatioriinreference5. Forthe
presentteststheapparatusdifferedfromthatusedinreference5 in
thatprovisionwasmadesothatthemodelcouldbepivotedinyawwith
respectto thestreamlinetube. Theresultingangleofyawofthe

—

modelwas,therefore,differentfromthatwhichwouldresultifthe
modelwererigidlyattachedtothestreamlinetube. Themotionofthe
modelwithrespectto thestreamlinetubecouldbe regulatedby means

w

oftheadjustablelinkagesshowninfigures2 and3. Thestreamline
9
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tubewassupportedontheendsby oppositerotatingflywheels,which
weredrivenby mesnsofvariousshafts,gears,anda varishle-frequency
motor-generatorset. Theyawangleofthemodelat anyinstant,if
smallangularmotionsofthemcdelsreassumed,isgivenby

,=(p+in%ft

Thedistancebetweenthemodelmountingpointandthecenterof thedrive
flywheelis y’ =;cos$+Rcos27cft. ForsmalJangulardisplacements

ofthemodel,y[ = ~ + R cos2xft;hence,thevelocityofthemodel

towardthedriveflywheelis ~’ = +M?R sti%&t whichforsmall--
larmotionscanbetakentobe thesideslipvelocityf. Fora pure
yawingoscillationtherelationbetweenV and f isthen

v. -2YrfR sin2Jcft

●
or

.

(2R e’)e sin—-—
z

2.3arR=-
2R e’—-—
ze

(f=-~=-
2JrR2

21Tft

et
)F

Therefore,fora givenvelocityanda givendistancebetweenflywheels,
properconditionsfortherequiredmotioncouldbe obtainedat different
frequenciesby adjustingR, e’,and e.

Theyawingd rollingmomentsactingonthemodelsduringthetests
weremeasuredby meansof a strain-gagebalance.Thesignalsfromthe
straingagewerepassedintotheinstrumentationwhichpermitteddirect
measurementsof quantitiesproportionalto themomentsduetoyawing
velocityandacceleration.A descriptionofthedesignandfunctionof
theinstrumentationisgivenintheappendixofreference5.

MODEIS

* Thewingmodelsusedinthisinvestigationwerethose
usedintheinvestigationspresentedinreferences4 and5

*

previously
andconsisted
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ofa 600triangular,a 45°sweptback,md anunsweptwing. Theswept
andunsweptwingshadan aspectratioof4.0anda taperratioof0.6.
Theaspectratioofthetriangularwingwas2.31.Eachwingwascon-
structedfrom3/h-inchplywoodandhada flat-plateairfoilsection
witha circularleadingedgeanda beveledtrailingedge. Thetraili

9edgesof allwingswerebeveledtoprovidea trailing-edgeangleof10
acrossthespan.Sketchesofthethreewdngsandtheirgeometric
characteristicsarepresentedinfigure4.

*

.

Thecomplete-modelconfigurationusedinthepresenttestswasone
usedpreviouslyintheinvestigationpresegtedinreference7. The
configurationconsistedofa removabletriangularwingwithan aspect
ratioof2.31,a fuselagewitha finenessratioof9, anda triangular
verticaltailwithanaspectratioof 2.18.Thewingwasa 6013trian-
gularwingandhadanNACA65Ao03pro$ilein sectionspsrallelto the
planeof symmetry.Thetailhad42.5 of sweepoftheleadingedgeand
hadanNACA65-006profileinsectionsparallelto thefuselagecenter
line.A sketchofthecompletemodelispresentedasfigure5, andits
geometriccharacteristicsaregivenintableI. TableIIpresentsthe
coordinatesofthefuselage.

Beforetestingthemodeb,eachwingwaslightenedandstatically
balancedaboutthemountingpointtoreduceinertiaeffectsinsofsras
possible.A fairingwhichwasusedforthewing-alonetestswasmade
ofbalsaandservedto streamlinetheprotrusionofthestrain-gage G
balanceabovetheuppersurfaceofthemodelsat anglesofattack.All
openingsinthecanopiesweresealedtopreventleakageofairthrough
themodel.

TESTSANDCORRECTIONS

u testsofthisinvestigationweremadeinthe6-by 6-foottest
sectionoftheLangleystabilitytunnel.Theoscillationtestswere
madeata dynamicpressureof24.9poundsjersqusrefoot. Thereduced-

frequencypsrameter‘* ofthetestsvariedfrom0.04t“o0.20,andthe

maximumamplitudeofyaw *O variedfromM.67° to+6.u0.

TheReynoldsnumberofthetests,basedonthewingmeanaeroi@aud.c
chord,andtheangle-of-attackrmge foreachmodelwereasfollows:

v
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.

Model Reynoldsnuniber,Angle-of-attack
basedon 6 range,deg

60°triangularwing. . . . . . . 1,38Q,000 0 tO 32
6&: o tO 3245°sweptbackwing.. . . . . . .

Unsweptwing . . . . . . . . . . 0 to 16
‘I!riangular-wing-fuselage
cmibtiationo... . . . . . . Lm>m o tO 32

Triangulsx-wing-fuselage
cmibinationwithtriangular
verticaltail. . . . . . . . . Lm>m o tO 32

No jet-boundarycorrectionswereappliedto thedatanorwerethe
effectsofblockage,turbulence,or supportinterferencetakeninto
accountalthoughthesupportinterferencemaybe of sizeablemagnitude
at thehigheranglesofattack.

REDUCTIONOF OSCILLATION-TESTDlfI!A

Theequationsofmotionfora modelperforminga forcedsinusoidal
yawingoscillationabouttheZaxis andX-sxis,respectively,are

where B and D me themaximwnin-phaseyawingandrollingmomentsj
respectively,and C and E arethecorrespondingout-of-phaseyawing
androllingmomentssuppliedby thestraingage. Theyawangleforthe
presenttests,ifsmallyawanglesareassumed,isgivenby

By usingtheequationsofmotionandthisrelationshipfortheyawangle,
. thesubsequentexpressionsfortheoscillatoryderivativessxeobtained

by followingtheproceduresoutlinedinreference5:
-.*
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2(c )of
c+ = W PVSb2

2(Rindon - %ind off)
%r = ‘

‘(? - $)”vs”

P‘2 windon - ‘windoff
c% =

‘2(* -+)@b’ )

-J.

*

‘2(Dwindon - %ind off)c~.=
r f12f2[~- $~@b3

.

InthepresentteststhemomentsB, C, D, smd E weredetermined
fromvoltagemeasurementsby theelectronicequipmentdescribedinthe
appendixofreference5. As shownintheappendixofreference5,the G-

instrumentationusedinthisinvestigationyieldedreadingsona
voltmeterwhichweredirectlyproportionalto one-halfoftheyawing
androllingmoments; hence,theaerodynamicmomentsB, C, D, and E
couldbe obtainedreadilyandthederivativescouldbe determinedby
useoftheequationspreviouslypresented._

RESULTSANDDISCUSSION

Infigures6 and7 areshowntheliftdata

.
—

plottedagainstande
ofattackforthethreewingssndwing-fuselage-tailco.uibination,respec-
tively.Thesedatahavebeenpresentedanddiscussedinreferences4
and7,respectively,andarenotdiscussedhereinbutareincluded
yrimarilytorelatetheliftto angleofattack.

Thedatameasuredduringoscillationtestsarepresentedinfig-
ures8 to 17. Infigures18to 21thewing-aloneresultsofthepresent
investigationarecomparedwithdataobtainedfromsidesl-ippingtests
similsxtothosepresentedinreference4. Inaddition,thederivatives M
arecomps.redas analgebraicsumwiththecombinationderivativesdeter-
minedinreference6. w
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Dm@ng inYaw C
?r,a

wing s alone.-Thevariationofthedsxping-in-yawcharacteristics
withangleofattackforthewingsaloneisgiveninfigures8,9, and10
fordifferentamplitudesanddifferentvaluesofreduced-frequencyparam-

eter ~. Forthe60°triangularwing(fig.8) andforthe45°swept

wing(fig.9),thevaluesof C
4,LD

generallyaresmallinthelow

angle-of-attackrangebutincreaseas theangleof attackis increased.

T!hisisespeciallytrueforthedataobtainedat ‘# = 0.04. At the

largeanglesofattacktheoscillatoryvaluesof C
%

alsoareconsider-

ablylargerthanthesteady-statevaluesof C
%?

whichshowa much

smallervariationwithsingleof attack.Thesteady-statevaluesof

c%
obtainedfromreference7 areshownby thedashed-linecurvein

eachfigure.Fortheunsweptwingat thelowvaluesof smplitudeand
reduced-frequencyparsmeter,thevsriationof C4,U

withangleof

b attackisgenerallyratherirregular(fig.10);whereasforthelsrge
valuesof amplitudeandreduced-frequencyparsmeterthevariationof

C%,m
withangleof attackis small.~ fact,thevariationof C.— 4,Uw

withangleofattackis smallerthanthevsriationofthesteady-state
values,andatthehighanglesof attacktheoscillatoryvaluesare
positiveor lessnegativethanthesteady-statevalues.

Figures11,12,and13 arepresentedin orderto showmoreclesrl.y
thevariationwithamplitudeofthevaluesof C

%,0
forthethree

wings. Forallthreewingsthesefiguresshowthatat lowanglesof
attackthereisonlya smalleffectof amplitudeon C

%’,0
forall

valuesofthereduced-frequencyparsmetershown.At the-higherangles
ofattacktheeffectofamplitudeon thevaluesof C

4,U
is larger,

thelargestchangesoccurringinthelow-fiplituderangeandat the
lowvaluesofthereduced-frequencyparsmeter.

wing -fuselage confipTuL-ation.- Thevariationofthedsmpinginyaw

C%r,u
withsingleofattackforthetriangular-wing-fuselageconfigura-

tionis showninfigure14fordifferentamplitudesanddifferentvalues
ofthereduced-frequencypsrameter.Ingeneral,thevaluesof C

%,lm.
becomemorenegative(increaseddamping)withincreaseof angleof attack
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forall testvaluesof ‘~;however,theincreasewithangleofattack
2V

ismuchlessforthelargervaluesof ‘~. Thesteady-statevaluesof

c+
donotvaryappreciablywithangleofattackandsremuchless

negatiVeatthehighanglesofattackthantheoscillatoryvalues}
theclosestagreementoccurringat thehighervaluesof ~.

Thevariationsofthe C
4,U

datawithamplitudeforthewing-

fuselageconfigurationaresh~ infigure1.5fordifferentvaluesof
mb—. Becauseof lackof sufficientdata,thecurvesarefairedonly
m
throughthetestpointsfor ‘~ = 0.08. Theeffectofsmplitudeis

generallysmallinthelowangle-of-attackrangebutismuchgreater
at thehighanglesof attackwherethedampingincreaseswithamplitude.
Itshouldbe pointedout,however,thattheeffectsofamplitudeon
Cnr,umaybe differentforotherfrequenciesof oscillation.

wing -fuselage-tailcotiiguration.-Forthecompletewing-fuselage-
tailconfiguration,thevariationof c% ,0

withangleof attackis

—

.—

showninfigure16fordifferentfrequenciesandamplitudesof oscilla-
tion. Alsoincludedinthisfigureisthevariationwithangleofattack
ofthesteady-statevaluesof

w
c%?“

Ingeneral,theoscillatoryvalues

‘f cnr,~ are’considerablymorenegativethanthesteady-statevalues.

Withfewexceptionsthevaluesoftheoscillatoryderivativesareat
leasttwicethesteady-statevaluesand,insomecases,theoscillatory
valuessreasmuchasfourandfivetimesas largeasthesteady-state
values.Thelargestdifferencesoccurusuallyforlowvaluesof sm@i-
tudeandfrequency.

Aswasthecaseforthewing-fuselageconfiguration,insufficient
datawereobtainedto showthevariationof C% ~ withaa@itudefor

Y
therangeof frequenciesintheinvestigation.~erefore,infigure17
a curvewasfairedonlythroughthedataobtainedat ~ = 0.08. The

faireddatagenerallyshowedthat C% ~ becomeslessnegative(reduced
.

dsmping)withan increaseinsmplitu&~Theresultsat a highervalue.-
Of ~!!m

2V
maybe differentbut,aswasmentioned

wereobtainedto establisha definitetrend.

before,notenoughdata

*

w
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RollingMomentDuetoYawingCl
rlu

Wm s alone.-Thevariationoftherollingmomentduetoyawing
withangleofattackofthewingsaloneisgiveninfigures8,9, and10
fordifferentamplitudesanddifferentvaluesofthereduced-frequency
parameter*. Thevaluesof Cl increaserapidlywithan increase

rYm
inangleofattackfora12.threewings.Thevariationwithangleof
attackisgenerallynonlinearat lowvaluesof smplitudeandlowvalues
ofthereduced-frequencyparameterbuttendstowardlinesrityat the
highervaluesof amplitudeand ‘~. At highanglesofattackthe

oscillatoryvaluesof % areconsiderablygreaterthanthesteady-

statevaluesforboththeLtriangularand45°sweptwingsregardlessof
frequencyoramplitude;however,thedifferencebetweenthesteady-state
valuesandtheoscillatoryvaluesof CZr ismuchlessatthehigher

valuesofamplitudeandfrequency.Fortheunsweptwingat thehigher
anglesof attack,hbwever,thesteady-statevaluesaregreaterthanthe
oscillatoryvaluesof %r forthehighervaluesofamplitudeand ‘~.

mb
‘or10w‘ties ‘f m at highanglesofattack,valuesof Cz are

f)ul
obtainedwhich,dependingontheamplitudeof oscillation,aresometties

● greaterandsometimeslessthanthesteady-statevalues.

Thevariationwithamplitudeoftherollingmomentdueto yawing
ofthethreewingsisshowninfi~es 11,12,and13. Generally,there
isonlya comparativelysmalleffectof smplitudeon cl at low

rja
aaglesof attack.Theeffectsofsmplitudesregreaterat thehigher
anglesof attack,andgenerallygreaterchangesin

c‘r,u
takeplace

in thelowerrangeofamplitudes.

wing -fuselageandwing-fuselage-tailconfigurations.-Thevariation
ofthederivativeCZ withangleofattackforthetriangular—wimg—

r,u
fuselageconfiguration-withandwithouta tail(figs.14and16,respec-
tively)isverysimilarto thatobtainedwiththetriangularwingalone
(fig.8) since CZ ismainlydueto thewing. Therelationbetween

r,u
thesteady-statevaluesandtheoscillatoryvaluesforthecompletewing-
fuselage-tailconfigurationandthewing-fuselageconfigurationis also
similarto thatobtainedforthewingalone.

.
Forboththewing-fuselageandwing-fuselage-tailconfigurations

thereappearstobe a decreasein c% withan increaseinamplitude
* r~a)
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(figs.15and17),andthegreatestchangesappesmto takeplaceatthe
lowervaluesofamplitude;asbeforeitshouldbepointedoutthatinsuf- -
ficientdatahavebeenobtainedtomakea generalstatementforallvalues
offrequency.

AccelerationDerivativesC
%,U

and Cz.rju.)

Wingsalone.-TheaccelerationderivativesC
%,U

and cl.
rjm

plottedagainstsugleofattackforthethreewingstestedarepresented
infigures8,9, and10fordifferentfrequenciesandamplitudesof
oscillation.Ingeneral,thederivatives=e significantonlyatthe
lowerfrequenciesandamplitudesof oscillq~ion.

wing-fuselageandwirig-fuselage-tailconfigyrations.-Thevariation
withangleof attackoftheaccelerationderivativesforthewing-fuselage
andwing-fuselage-tailconfigurationsareshowninfQures14and16}
respectively.Ingeneral,the

positiveor lessnegative,and

positiveormorenegativewith
angleofattackofabout16°.
appearsto dependonsmplitude

‘-ues‘f C%,(Dtendtobecomemore
thevaluesof Cl. tendtobecomeless

r)u
an increaseinangleofattackup to an
At higheran@es of attackthevariation

—

andisratherirregular.At lowangles w
of attackandlowvaluesof ‘@ theeffectof amplitudeon C

2V %,0 ‘s
muchgreaterforthecompleteconfigurationthanitisforthewing-
fuselageconfiguration. .—

Inorderto illustratethevariationoftheaccelerationderivatives
withamplitudeat severalanglesofattack,figures15and17werepre-
paredwhichshowmoreclesr?l.ytheeffectof ~litude ~ntioned~There
issomescatterofthedatapointsfortheVariOUSfrequenciesfromthe _ ._–
curvefairedfor mb _ 0.08;however,therewerenotenoughdatapoints

m
‘~ to establishobtainedat othervaluesof
2V

attheatherfrequencies.

ComparisonofYawingandAcceleration

definiteamplitudeeffects

DerivativesWith

CombinedDerivativesforWingsAlone

Forpurposesof COmPWiS~withthemeas~edc*~tion derivat.&Yes} “ .
thederivativesC

%r,u’ C%,w’ cZr,u’W C%,o ‘=Wed ti‘his
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investigationat ‘+ = 0.20andamplitudescorresponding

15

to *O = *L91O

=d t3.82°arecotiinedwithderivativesCn Cn. C!z, and
p,u)’ p,m’ $,0

cl.
$,0

measuredina seriesofunpublishedtestssimilarto thoseinref-

erence4. Theunpublishedtestswereforced-oscillationtestswith ‘~

approximatelyequalto 0.22andamplitudesof sidesl.ipPO equalto
K?osad*40. Theseindividualderivativesandtheirappropriatealge-
braicsummationsarecompsredinfigures18to 21withthecorresponding
combinationderivativesobtainedinreference6 for ‘~ appromtely

equalto0.22andat amplitudesofyaw to equalto %0 and*k”. The
agreementinthevariationwithangleof attackofthemeasuredcmibined
derivativesandthoseobtainedby an algebraicsums.tionofthetidivid-
ualderivativesis consideredverygoodywhereastheagreementinmagn3.-
tudesofthederivativesis consideredfair. Thecomparisonindicates
alsothatforthecmibinationderivativesC

(4 ,0-cn&uJ ‘d

(C2 - %;,a) theaccelerationtermscontributeasmuchormoreto ther,u
measuredcotiinationderivativesasthe C% ~ and Clr,u portionsfor

allthreewingsthroughouttheaugle-of-a.ttabrange.Becauseofthe
factthattheaccelerationterms C!n+,U ‘d %,0 aremultipliedby

& k2,thesetermscontributeconsiderablylessto thetotalderivative
thandotheothertermsof thecombinedderivativesC

(
+ k%

( )
)~,u) %,0 ‘d

c~ + k2CZ. .
p,a r,u

SUMMARYOFRESULTS

biangular,swept,smdunsweptwingsweretestedto determinethe
effectsoffrequencyandsmplitudeon theyawingderivatives.A
triangular-wing-fuselagecombinationwithandwithouta triangular
tailperformingsinusoidalyawingoscillationswasalsoincludedinthe
investigation.Theresultsoftheinvestigationareasfollows:

1.Forthetriangularwing,the45°sweptwing,andthewing-fuselage
configuration,oscillatoryvaluesofthedsmping-in-yawderivativeand
thederivativeofrollingmomentduetoyawingincreasedwithangleof
attack;generally,atthehighanglesofa~tacktheoscillatoryvalues
wereconsiderablyl=ger thanthesteady-statevalues.Fortheunswept

. wingtherewasgenerallylittledifferencebetweenthesteady-state
valuesandtheoscillatoryvaluesofthedsmping-in-yawderivativeand

%
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thederivativeofrollingmomentduetoyawinginthelowangle-of-attack
range;athigheranglesofattack,thesteady-statevaluesusua14were .-
greaterthantheoscillatoryvalues.

2. Althoughthevariationofthedsmping-in-yawderivativewith
angleof attackwassimilsrgenerallytothesteady-statevariation,for
thetriangulw-whg-fuselagecombination-withverticaltail,someoscil-
latoryvalueswereobtainedwhichwerefourtofivetimesgreatert~
thesteady-statevaluesthroughouttheangle-of-attackrange. ——

3.Theeffectsofs.mplitudeontheyawingderivativesweresmall
at lowanglesofattackforthewingsalone.Theeffectsofsmplitude
andfrequencyweregreateratthehigheranglesofattack,andthel&rgest
effectsoccurredatlowvaluesofamplitudeandfrequency.

-.—

4..Thealgebraicsummationofthederivativesshowedtrendswith
angleofattackwhichwereinverygoodagreementwiththevariation —

shownby themeasuredconibinedderivatives.Theagreementinmagnitudes
ofthederivativeswasconsideredfair.

LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,April28,1958.
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TABLEI.-GEOMETRICCHARACTERISTICSOF COMPLETE-MODELCONFIGURATION

Fuselage:
Finenessratio. . . . .
Maximumdiameter,in. .

Wing:
Aspectratio. . . . . .

. .

. .

● 0

.

.

.

Leading-edgesweepangle,deg
Dihedralangle,deg . . . . .
Twist,deg. . . . . . . . . .

●

✎

●

✎

✎

✎

NACAairfoilsectionpsrallelto
Area,sqin. . . . . . . . .
Span,in. . . . . . . . . . .
Meanaerodynamicchord,in. .

Verticaltail:
Aspectratio. . . . . . . . .
Leading-edgesweepangle,deg

.

.

.

.
●

NACAairfoilsectionparallel.to
Areafor12-inchspan,sqin. .

.

.

●

✎

✎

✎

.

.

.

.

.

.

.
●

✎

✎

✎

✎

plane
.
.
.

.
●

.

.

.

.

.

.

.

.

.

.

.

.

●

✎

✎

●

.

.

.

.

.

.

.

.

●

✎

✎

✎

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.
of symmetry
.
,.

.

.

.

.

.

.

.

.

.

.
●

✎

6

.

.

.

.

.

.

.

.

●

●

fuselagecenter
. . . . . ..*

Taillengthfromcent& ofgravityto0.25mean
aerodynamicchordoftail,in. . . . . . . .

.

.
●

✎

✎

●

✎

✎

✎

●

✎

✎

●

✎

✎

✎

✎

.

.

.

.

.

.

.
●

✎

✎

✎

✎

line
.**

● ✎ ✎

.

.

.

.

.

.

.

.

.

.

.
,
.
.

●

●

✎

✎

●

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

.

.

.

.

.

.
●

✎

✎

✎

✎

✎

✎

✎

●

6.;

2.31
60
0

2.18
42.5

652&o~
.

21.5

w

*
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TABLEII.- FUSELAGECOORDINATES

x, in. d in.—Y
2

0 0
.324 .01918
.486 .K96
.810 .2214
I.620 .432
3.2k0 .8316
4.86 1.1988
6.48 1.5336
9.72 2.0898
12.96 2.5218
16.20 2.808
19.44 2.970
21.6 3.0024
22.68 2.9916
25.92 2.9808
29.16 2.9214
32.k 2.8296
35.64 2.7216
38.88 2.5704
42.12 2.3922
45.36
48.60

2.1924
1.9494

51.84 I.6902
54.0 1.4904
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Figure1.-Systemof stabilityaxes.Arrowsindicatepositiveforces,
moments,andangulardisplacements.Yawreferenceisgenerally
chosento coincidewithinitialrelativetind.
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Figure2.- Schematicdrawingofmechanismforsimulatingsinusoidal
yawingoscillation.
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(a) Model support strut and complete-modelconfiguration.
&

L-943& ~

Figure 3.- Apparatusused in obtalmhg sinusoidalyawing oscillation.
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(b) Drive flywlmel and lirisageB.

Figure 3.- Concluded.

L-94582.1



24 NACATN 4390

+

.

TL$60°
/5.59 Affowttng point

Cvcubr km!! edge

3L/8 A

1; ~,= Y\’

fivekdporiron
;

1
4.28

L
,LA /8+-f

36

Triangularwing
AS@?Ctmt10..... . . . . . . . . . . . . . . 2.3f
LeiwkqedgesweepongI@d-. . . . . . . W
DfW%fongie,c&7. . . . . . . . . . . . . . O
Twsf,dsg. .. . . . . . . . . . . . . . . . . . .0
Awfhisecffon. . . . . . . . . . . . . F/ofplate
Area,sq.m. . . . . . . . . . . . . ...561.20
Spt?t?,m . . . . . . . . . . . . . . . . . .36.00
Meanaerodynom~chord,m . . . . . . 2079

Swepfwl@

L

AsPecir@o. . . . . . . . . . . ..4.O
Tapermtfo. . . . . . . . . . . . ..Q6
Qw7rtechdsweepangle,&g . 45
Wwdmlongk,dw.. . . . . . . 0
Tw(sf,deg . . . . . . . . . . . . O
Awfinlsecffon.. . . . . . F/ofplate
Area,sq.fn . . . . . . . . .. 324
Spun,m . . . . . . . . . . . . 36 .
Meanavvojmanvcchord,m.. . .919

Ctrcuforfeadmgedge~
/,69

Unswpfwmg
Asp@mf/o. . . . . . . . . . . . . 4.o
Taperroho. . . . . . . . . . . . . . 0.6
Quar~td sweepangk,&g. . . 0
Dfhedmlang@deg.. . . . . . . . . . 0
Tw@deg. . . . . . . . . . . . . . . ..O
Arrfol/secflon.. . . . . . F~otplate
Area,sq.m., .. . . . . . . . . . 324
Spon,m. . . . . . . . . . . . . 36
Meanaerodymnvcchord,m.. . . 919

cen@rh”-
Section

Figure4.-Sketchesandgeometric
investigated.All
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dimensionsareininches.

m-



MK!ATll4390 25

.

s

1

I

8

4

Mountingpoint~/4

—. 1 36●

k-11.20 ~

‘\ \

X\\\c/4 .

Figure5.-Sketchof
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completewing-fuselage-tailconfiguration.All
dimensionsexeininches.
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Figure6.- I&E%characteristicsofwingsusedininvestigation.
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Figure7.-Liftcharacteristicsof~-fuselage-tailconfigurationused
ininvestigation.Datame takenfromreference7.
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